Background. Valid clinical predictors of influenza in patients presenting with lower respiratory tract infection (LRTI) symptoms would provide adequate patient information and reassurance. Aim. Assessing the validity of an existing diagnostic model (Flu Score) to detect influenza in LRTI patients. Design and Setting. A European diagnostic study recruited 1801 adult primary care patients with LRTI-like symptoms existing ≤7 days between October and April 2007-2010. Method. History and physical examination findings were recorded and nasopharyngeal swabs taken. Polymerase chain reaction (PCR) for influenza A/B was performed as reference test. Diagnostic accuracy of the Flu Score (1× onset <48 hours + 2× myalgia + 1× chills or sweats + 2× fever and cough) was expressed as area under the curve (AUC), calibration slopes and likelihood ratios (LRs). Results. A total of 273 patients (15%) had influenza on PCR. The AUC of the Flu Score during winter months was 0.66 [95% CI (95% confidence internal) 0.63-0.70]. During peak influenza season, both influenza prevalence (24%) and AUC were higher [0.71 (95% CI 0.66-0.76], but calibration remained poor. The Flu Score assigned 64% of the patients as 'low-risk' (10% had influenza, LR − 0.6). About 12% were classified as 'high risk' of whom 32% had influenza (LR + 2.7). During peak influenza season, 60% and 14% of patients were classified as low and high risk, respectively, with influenza prevalences being 14% (LR − 0.5) and 50% (LR + 3.2). Conclusion. The Flu-Score attributes a small subgroup of patients with a high influenza risk (prevalence 32%). However, clinical usefulness is limited because this group is small and the association between predicted and observed risks is poor. Considerable diagnostic imprecision remains when it comes to differentiating those with influenza on clinical grounds from the many
Introduction
Lower respiratory tract infection (LRTI) is among the most common reasons for consultation in primary care, particularly during winter months when 5% of all visits are related to respiratory infections (1) . If acute cough is accompanied by acute onset of fever, headache and muscle ache, this syndrome is called influenza-like illness (ILI) because this illness is assumed to be caused by an infection with an influenza virus. However, of all patients suffering from ILI, only 20-30% has true influenza, with a peak percentage of influenza virus positivity of 54% (1, 2) . Differentiating those infected with influenza from the large number of LRTI and ILI patients is important to provide adequate patient information and reassure patients about the expected self-limiting course, possible complications and appropriate preventive measures such as social distancing and hand washing, in case of early presentation (3, 4) .
A review assessing the performance of multivariable models and clinical decision rules to distinguish influenza from other causes of ILI found too heterogeneous studies to estimate summary measures of accuracy (5) . Therefore, a recent study combined data from two similarly designed studies to create a larger dataset to develop a new diagnostic clinical model for influenza (Flu-Score: 1× onset <48 hours + 2× myalgia + 1× chills or sweats + 2× fever and cough) (6) . After internal validation and comparison to previously proposed models, the Flu-Score was found to be the most accurate [e.g. highest reported likelihood ratios (LRs) and most useful (e.g. simple and easy to remember for point of care use)] diagnostic model for influenza (6) . However, the prevalence and clinical presentation of infection with different Influenza subtypes varies between seasons. The diagnostic value of the Flu Score over several influenza seasons, when different influenza strains predominate, and during periods outside influenza outbreaks, is unknown. Moreover, not only in ILI but all LRTI patients a valid diagnosis is warranted in daily practice. Therefore, external validation of this score in an extended context of general practice is required before it is promoted for use in everyday care. We aimed to explore the validity of the Flu Score for identifying influenza infection among patients seeking health care for LRTI in a large European primary care study over three consecutive winters.
Methods

Design
This was a cross-sectional observational study which was part of the GRACE (Genomics to combat Resistance against Antibiotics in Community-acquired LRTI in Europe; www.grace-lrti.org) study.
Setting
The GRACE study collected data in 16 primary care research networks (PCNs) in 12 European countries. Participating general practitioners (GPs) recruited patients presenting with LRTI from October 2007 to April 2010.
Patients
Eligible patients were at least 18 years old, with any clinical presentation considered to be caused by LRTI by the responsible GP.
Symptom onset had to be ≤7 days, because the influenza detection rate is shown to be minimal after 1 week since symptom onset (7, 8) . All patients were consulting for the first time for this illness episode. Further inclusion criteria are similar to previous publications (9) . Medical ethics committees of the participating centres approved the study.
Reference test (diagnostic outcome)
Nasopharyngeal swabs, taken by trained research staff within 24 hours after recruitment and before any antimicrobial treatment had started, were immediately placed on universal transport medium, stored on dry ice at −70°C and transported to the central microbiological laboratory of the University of Antwerp. The swabs were analyzed for Influenza A and B by reverse transcriptase polymerase chain reaction (RT-PCR) (2,4) after EssayMag extraction (10) . Microbiologists who determined the results were blind to the clinical information. Influenza was considered present if the PCR was positive for influenza A or B.
Measurements and follow up
GPs recorded patients' symptoms, signs, comorbidities (e.g. diabetes, respiratory and cardiovascular disease) and influenza vaccination status at recruitment in a standardized Case Report Form (CRF).
Data analysis
Less than 1% of history items, <3% of physical examination items and 6% of nasopharyngeal swabs were missing (Table 1) . Missing data rarely occur completely at random and therefore we used multiple imputation techniques to account for missing values, including on the diagnostic outcome influenza (11, 12) .
First, we calculated the prevalence of influenza and the clinical characteristics for the total study population, who had been recruited during winter months. In these patients, we explored the diagnostic value of the Flu Score to identify influenza. Because the baseline probability of influenza in the community is lower outside influenza outbreaks, clinical usefulness of the Flu Score is likely to vary between periods of low influenza prevalence compared to influenza peak season. We therefore repeated our analyses on the subgroup of patients who had been recruited during periods of documented influenza peak season. Data from the European Influenza Surveillance Network (EISN) (13) (14) (15) were used to determine weeks of influenza peak prevalence during our study for each PCN in Europe separately.
To assess the validity, first discrimination and calibration of the Flu Score were calculated (16) . Discrimination is the ability to distinguish patients with influenza from patients without, and the area under the receiver operating characteristic curve (AUC) with 95% confidence intervals (CIs) was calculated to quantify the discriminative ability of the Flu Score in our sample. Calibration is a measure for correspondence between predicted probabilities and the observed prevalence. This was assessed with both a calibration slope and the Hosmer and Lemeshow (HL) statistic (16) .
Next, the Flu Score was used to calculate an individual influenza score for all patients based on the presence or absence of the signs 
(0.2)
431 (24) 52 (19) 113 (22) 23 (19) Influenza vaccination last year n.a.
(0.1)
378 (21) 30 (11) 90 (18) 12 (10) History (day 1) Age (mean, SD)
37 (14) 0 (0.0)
48 (16) 45 (15) 47 (16) 44 ( 732 (41) 103 (38) 209 (41) 48 ( 969 (54) 132 (48) 278 (55) 57 (48) Days ill prior to consultation (mean, SD)
5 (2) 4 (2) 6 (2) 4 (2) Onset of symptoms ≤2 days 151 (33) 31 (1, 7) 299 (17) 69 (25) 93 (18) 37 (31) Cough present 421 (92) 0 (0) 1800 (100) 272 (100) 504 (100) 118 ( 1417 (79) 194 (71) 387 (77) 82 (69) Runny nose present 348 (76)
1327 (74) 207 (76) 382 (76) 94 (79) Fever, chills or sweating present 324 (71)
749 (42) 181 (66) 218 (43) 83 ( 901 (50) 156 (57) 270 (54) 71 ( 1027 (57) 193 (71) 310 (61) 94 (79) Headache 359 (78)
1121 (62) 204 (75) 311 (62) 95 (80) General feeling unwell/fatigue 381 (83)
1479 (82) 244 (89) 415 (82) 104 (87) Interference with daily activities n.a.
1243 (69) 224 (82) 356 (71) 95 (80) Physical examination (day 1) Any abnormal auscultation sound n.a.
(0.7)
712 (40) 97 (36) 181 (36) 38 (32) Tachycardia (>100/minute) n.a.
(1.3)
80 (4) 12 (4) 24 (5) 4 (3) Tachypnoea (>24/minute) n.a.
(2.5)
32 (2) 1 (0) 7 (1) 0 (0) Nasopharyngeal swabs (day 1)
Influenza A or B
157 (34) 116 (6.4) 273 (15) 273 (100) 119 (24) 119 (100) Values are numbers (percentages) unless mentioned otherwise. n.a., not available from the original study; SD, standard deviation. Heart or lung conditions, diabetes mellitus, chronic renal insufficiency, chronic Staphylococcal infections or immune-related diseases (35) .
c Based on one of the two derivation cohorts only (22) .
Validity of a clinical model to predict influenza
and symptoms from the score (1× onset <48 hours + 2× myalgia + 1× chills or sweats + 2× fever and cough) to stratify them into a low-, intermediate-or high-risk group using the cut points proposed for the score (Table 1) . Cutoff thresholds of 10% and 50% were suggested to be reasonable for, respectively, ruling out and ruling in influenza, based on a previous report on the opinion of 5 experienced primary care physicians, an informal email poll of 20 academic generalists and a previous decision threshold analysis (6, 17) .
Patients with an estimated probability between 10% and 50% were defined as intermediate-risk patients, in whom influenza diagnosis remains inconclusive. Finally, we determined positive and negative LRs for the low risk group (intermediate and high versus low) and the high risk group (high versus low and intermediate) and compared these to the LRs derived in the original study (6) .
All analyses were repeated for a second Flu Score presented in the original study of Ebell et al. (6) that was more complex (Flu Score 2): 7× fever + 5× cough + 4× onset <48 hours + 8× myalgia.
Because treatment with antivirals should be taken within 48 hours of the onset of symptoms to have any benefit (18), we repeated all analyses among patients with onset of symptoms ≤2 days (n = 299).
As in most multicentre studies, clustering of patient data occurs to some extent within sites (in our case, the 16 PCNs), which could affect associations between diagnostic variables and outcomes (19) . We accounted for such possible nonrandom differences within PCNs (clusters) using multilevel analyses (19) .
Data were analysed using SPSS (Version 20·0 for Windows), R (Version 2·11·1) and SAS (Version 9.2) (20).
Results
Patient characteristics
A total of 1801 patients consulting their GP with LRTI symptoms existing 7 days or less were recruited during three winters from 2007 to 2010. PCR results were not available for 116 patients (6%), but these patients were similar on key characteristics to patients for whom PCR results were available (Supplementary Table 1 ). The mean age of all participants was 48 years (SD 16) and 41% were male. About 299 patients consulted their GP within 48 hours of symptom onset. About 75% of the participants with influenza presented after more than 2 days. Of the 378 patients (21%) who had received an influenza vaccination in the previous year, 30 (8%) had influenza. Patient characteristics are displayed in Table 1 .
Prevalence of influenza
Of the 1801 participants, 273 had influenza (15%). About 166 (61%) of these had influenza A, 86 (32%) influenza B and 8% remained undetermined. Influenza prevalence was 24% during the peak of the influenza season. In those 65 years and older (18% of the total study population), the overall proportion of influenza A/B infections was 10%. The prevalence of influenza A and B varied by winter (Fig. 1) and PCN, ranging from 2% in Spain in 2010 to 37% in Poland in 2008. In the 299 participants recruited within 2 days of illness duration, 23% had influenza. About 75% of patients with influenza presented later than 2 days of symptom onset.
Validity of the Flu Score
During the entire winter period (October-April), 64% of patients were classified as low risk for influenza according to the Flu Score and 12% as high risk. The proportion with influenza in the lowrisk group group was 10% (negative LR 0.6) compared to 32% in the high-risk group (positive LR 2.7). The remaining 25% of the patients were classified as intermediate risk, with an observed influenza presence of 21% ( Table 2 ). The AUC of the Flu Score for detecting influenza A/B was 0.66 (95% CI 0.63-0.70). Calibration was poor (P value for HL test <0.001, and a calibration slope of 0.71). Recalibration to correct for difference in baseline prevalence between the original and the present study population did not improve calibration (P value HL test <0.001). LRs for each risk group are shown in Table 2 .
During peak influenza season discrimination was better (AUC 0.71, 95% CI 0.66-0.76, P < 0.05), but calibration remained poor (P value HL test <0.001). Almost 60% of patients were classified as low-risk for influenza, with a post-test probability of 14% for influenza (negative LR 0.5). The 14% classified as high risk had a post-test probability of 50% (positive LR 3.2, Table 2 ).
In patients presenting with an onset of symptoms ≤2 days, the AUC was 0.70 (95% CI 0.63-0.77, whole winter period) and 0.74 (95% CI 0.64-0.85, during influenza peak season, not shown). The risk classification is shown in Table 2 .
The second diagnostic model developed by Ebell (Flu Score 2: 7× fever + 5× cough + 4× onset <48 hours + 8× myalgia), generated a Table 2 ). The AUC was 0.63 (95% CI 0.59-0.66).
Discussion
Summary
In 1801 patients presenting to primary care with symptoms of LRTI during three consecutive winter periods (October-April), 15% had influenza on PCR testing of nasopharyngeal swab samples. The influenza prevalence was higher during peak influenza season (24%). A recently published diagnostic model, the Flu Score (onset <48 hours, cough, myalgia, fever, chills and sweats), assigned 14% of patients with a high risk of having influenza (LR + 3.2) during peak influenza season. Outside the peak influenza season, diagnostic accuracy of the score (e.g. ROC area, calibration slopes and LRs) was even smaller.
Strengths and limitations
To our knowledge, this is the first formal external validation study of the Flu Score. A strength of this study is the broad setting (16 PCNs in 12 countries and inclusion of all adults presenting with LRTI in primary care during three consecutive winters). External validation in this extended context of primary care is useful as this setting mimics daily practice.
The timing of our study could nevertheless affect the generalizability of our results. First, the virulence of the circulating influenza viruses determines both prevalence as well as morbidity of the infection. The 2009 pandemic influenza A (H1N1) virus, e.g. has been shown generally to cause mild disease (21) . However, we recruited patients over three influenza seasons (2007-10), so some of the seasonal variation in influenza morbidity patterns that is related to different flu strains are accounted for in our analyses.
Subgroups were too small to analyze patients for each season separately.
Second, we used European surveillance data on increased influenza activity as a dichotomized variable in our data to define times of documented peak influenza season. Influenza shows geographic variation across Europe. Although surveillance data for each country were used, these numbers remain only a rough approximation for the local prevalence. Therefore, some misclassification of the defined peak influenza season might have occurred. However, by using LRs as an outcome measure we corrected for differences in influenza prevalence that might have occurred due to geographic variation.
One of the criteria for study inclusion was the presence of LRTI symptoms less than 7 days, because studies show positive PCR up to 7 days after onset of symptoms (7, 8) . In this study, we added an additional analysis in the subgroup of patients (17%) with an onset of symptoms ≤2 days because anti-influenza therapy is potentially useful only in these patients. Disadvantage of this subgroup analysis is the preselection of the population using one of the variables in the Flu Score, which is likely to have decreased the diagnostic value of the Flu Score. Moreover clinical utility of influenza diagnosis may extend beyond the therapeutic window of 48 hours for anti-influenza therapy.
Cough was a diagnostic item for the presence of influenza in the Flu Score that was present in almost all our study participants (1800 of 1801). Also the other symptoms of the Flu Score were very common in this population. This might have affected the performance of the Flu Score. However, the original study also found high proportions of the different items of the Flu Score (e.g. over 90% of patients had a cough), which underlines the importance of these symptoms in patients suspected of having influenza.
Comparison with existing literature
In this validation study, influenza prevalence both during the whole winter period (15%), as during influenza peak season (24%), was 
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lower when compared with the derivation study (34%). A possible explanation is the different clinical spectrum of included patients. Although the duration of symptoms prior to study inclusion in our study was similar (5 days) when compared with the derivation study (6 days), the derivation study included patients who fulfilled prespecified clinical criteria for influenza (22) or RTI (23), while our study included all patients with symptoms and signs suggestive of LRTI. This could have meant that more patients were included in the derivation study who were more likely to have influenza at the outset. However, in case of any prevalence difference, this would have affected positive and negative values, but not the LRs we used in this study. Besides, other studies of LRTI patients found influenza prevalence rates within a similar range (e.g. 5%-30%) as in our study (24, 25) .
Validation of the Flu Score showed a different pattern of risk classification compared to the original study, with smaller differences in the observed influenza prevalences between the three risk groups. Especially the influenza prevalence in the high-risk group was lower compared to the original study ( Table 2 ). External validation almost always shows a decreased performance of the model under study because of overfitting (when the ratio of tested variables to the number of patients experiencing events is small, or reproducibility is low) and underfitting (when important independent predictors of outcome are omitted from the system, due to historical period, geographic location, methodological approach or disease spectrum) (26) . It is likely that the difference in performance of the model in two populations was also caused by the clinical differences between the two study populations, as mentioned earlier.
Previous studies all found diagnostic value for the clinical variables cough, fever, myalgia and acute onset for detecting influenza (27) (28) (29) (30) (31) (32) . However, performance of previously published diagnostic models that included these variables varied widely, with LRs ranging from 1.7 to 6.5 (5) . One of the possible explanation for these differences could be the variation in the interpretation of cough, chills, sweats and fever both by doctors and patients. This confirms that reported diagnostic models with point or weighted scores for each item present, are prone to overfitting and poor performance in new sets of patients (33) . Moreover, the point and weighted scores often result in complex arithmetic models that are not easy to recall and their use is known to be limited in clinical practice (34) . We therefore did not develop a new diagnostic model for influenza, but rather aimed to enhance recommendations for clinical practice after assessing the performance of the previously reported most robust signs and symptom combination.
Interpretation of the results
The Flu Score can only be useful for daily practice if it classifies patients at influenza risks that are substantially lower or higher than the pre-test probability. The post-test probability for excluding influenza (10%) remained close to the 15% pre-test probability, rendering limited clinical value. During influenza peak season, the post-test probability for patients assigned to the high-risk group reached a 5-fold increase to 50% (LR + 3.2). According to a previous decision threshold analysis (17) , adequate patient information, reassurance and, if presentation is early, appropriate preventive measures could be considered in this high-risk group without further testing. However, the low number of patients in this category limits the clinical usefulness of this finding. Also the poor calibration shows the limited value for use in daily practice, because the models' predicted probabilities do not agree with the observed influenza prevalence.
Conclusions
A small subgroup of patients with a high-influenza risk can be identified when using the Flu Score. However, clinical usefulness is limited because the association between predicted and observed risks is poor. Considerable diagnostic imprecision remains when it comes to differentiating those with influenza on clinical grounds from the many other causes of LRTI in primary care. New point-of-care tests are required that accurately, rapidly and cost effectively detect influenza in patients with respiratory tract symptoms in primary care.
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